The correlation between the degree of conjugation of plasma noreplnephrine (NE) and epinepbrine (E) and the clinical features of sympathetic hyperactivity was studied in 38 essential hypertensive patients from a referral population biased toward pheochromocytoma (19 of them suspected of this diagnosis on clinical grounds). The patients were separated into two groups: 15 with subnormal plasma conjugated NE + E, i.e., below 0.23 ng/ml (Group 1), and 23 patients above this limit (Group 2). Patients clinically suspected of pheochromocytoma represented 93% of the patients in Group 1 but only 21% in Group 2.
Patients and Methods
We studied 38 patients (17 women and 21 men, mean age 38 years, range 16-59) suffering from hypertension, from a consecutive referral population heavily weighted in favor of having pheochromocytoma (19 were suspected of this diagnosis). The suspicion of pheochromocytoma was based on, in 15 patients, their labile type of hypertension and associated symptoms further described, alone or combined with a finding of elevated urinary VMA excretion (six patients), suspicion of an adrenal tumor (one patient), family history of neurofibromatosis (one patient), occasional elevation of plasma free NE + E during hypertension up to the range of 2-3 ng/ml (one patient). A striking feature in these patients was their blood pressure hyperresponsiveness to banal stimuli, such as upright position, minor physical activity, or emotion.
As a first step, the diagnosis of pheochromocytoma as well as other secondary forms of hypertension were eliminated. The patients had normal plasma urea, creatinine, and rapid sequence intravenous pyelograms. Various degrees of target tissue damage due to hypertension were detected. Patients with the more severe degree of hypertension or any suspicion of renovascular hypertension underwent renal arteriography, which eliminated the possibility of a renovascular origin of their hypertension. Thyroid function tests were found to be normal in all patients. Most of the 19 patients suspected of pheochromocytoma presented a clinical picture so similar to that of pheochromocytoma that previously two of them had undergone surgical exploration for this diagnosis in other hospitals, without result, but were still suspected of having this disease.
To evaluate the degree of the clinical similarity to pheochromocytoma, all patients were subjected to a scoring system based on most frequent symptoms of pheochromocytoma,* and weighted in the following descending order (10 points for the first, 1 for the last symptom): palpitations, sweating, anxiety, weakness, loss of weight, dyspnea, headache, nausea, abdominal or lumbar pain, and tremor. The final score was expressed as a percentage of the maximum possible score (55 points). Drug treatment of hypertension had been discontinued for at least 1 week before the study, and longer-acting drugs such as rauwolfia, guanethidine, and a-methyldopa had been discontinued for at least 1 month. Sixteen subjects (eight men, eight women) with a mean age of 29 years (range, and no family history of hypertension, whose blood pressure and routine examination were normal, were selected as controls. None of the women took oral contraceptives for at least 3 months prior to the study.
Twenty-six of the hypertensive patients were hospitalized; the remaining 12 and all the control subjects were investigated as outpatients. Blood pressure and pulse rate were recorded 8 to 10 times a day in the recumbent and upright positions. Subjects fasted overnight (at least 12 hours), and on the morning of the test spent at least 2 hours recumbent without smoking. Saline was infused by intravenous drip without heparin for 20 minutes before blood was drawn for CA determination. Control experiments have shown that the effects of meals on plasma conjugated CA are of short duration and can be disregarded if all subjects are fasting for at least 12 hours before blood sampling. 6 Urinary samples ranging between 2 and 24 hours were collected for urinary free CA and urinary VMA' determinations.
Conjugated CA samples were hydrolyzed by lyophilization in dilute perchloric acid 1 and measured in duplicate by a method adapted from that of Coyle and Henry 10 or, when NE and E were separated by thin layer chromatography (TLC), by a modification of the Da Prada and Zurcher method. 11 Values of free DA below 0.07 ng/ml were considered to be below reliable detection limits. The value determined without hydrolysis was subtracted from that measured after hydrolysis, to give the concentration of conjugated CA. Duplicate values differing by more than 20% were measured again. The value of this method of hydrolysis of conjugated CA 1 is supported by very similar results obtained following hydrolysis by sulfatase 12 or acid 13 (table 1) . Values from two patients studied again after 2 years differed from those first obtained by less than 10%. Reinvestigation of other patients after 2 to 3 years is at present under way.
Hypertensive subjects were divided into two subgroups, one with obviously low conjugated NE + E, the other in the normal range. The cutoff value between the subgroups was set at 2 standard deviations below the mean for control subjects, i.e., 0.23 ng/ml (conjugated NE + E).
Differences between parameters were evaluated by unpaired / tests, some correlations and partial correlations calculated, and the Fisher exact probability test used to compare responsiveness to some stimuli. In some cases, the Wilcoxon rank sum test was used.
Results
The initial comparison of control subjects with all patients showed no significant differences between the groups (control subjects: free NE + E = 0.19± 0.04 (SEM) ng/ml, conjugated NE + E = 1.28 ± 0.2 ng/ml; hypertensive patients: free NE + E = 0.39 ± 0.04 ng/ml, and conjugated NE + E = 1.31 ± 0.29 ng/ml). It was evident, however, that, within the patient group Fourteen of the 15 patients in Group 1 (93%) were clinically characterized by extreme lability of blood pressure and other features arousing a strong suspicion of pheochromocytoma; this was true in only 5 of the 23 patients (21%) in Group 2. Further screening tests were therefore performed (plasma catecholamine responses to glucagon and to the stress of direct venous puncture compared to sampling from an indwelling venous catheter, as well as selective catheterization). Table 2 summarizes the essential clinical features of patients in Qroups 1 and 2 subdivided according their clinical presentation as pseudopheochromocytoma or having normal sympathetic tone. Patients of both groups were similar in age and sex. The index of sympathetic tone grossly reflected the clinical presentation prior to subdivision on biochemical grounds. Patients of Group 1 had a lower minimum systolic blood pressure and a higher spread between maximum and minimum blood pressure as well as higher maximum pulse rate recorded than patients of Group 2. The incidence and degree of hypertensive target tissue damage appeared to be lower in patients of Group 1. Table 3 summarizes the biochemical findings in both groups. Patients in Group 1 had higher baseline plasma free NE + E in the samples obtained from an indwelling catheter than patients in Group 2. When peripheral measurements were performed in samples obtained by direct puncture during the catheterization procedure or when the procedure included premedication, the results were almost 3 times as high as when there was no puncture during sampling in Group 1. In Group 2, however, the results obtained in the two sampling methods were not significantly different. The significantly lower mean conjugated NE + E of Group 1 compared to Group 2 was of course the basis on which the two groups were distinguished. Free plasma DA, normally below detection limits, was above 0.07 ng/ml in five of 15 patients of Group 1 but in only two of 23 patients of Group 2; conjugated DA was not different in both groups. Urinary VMA and free NE + E excretions were not significantly different in both groups, but values in the pheochromocytoma range (up to 27 mg of VMA) were found in few patients of Group 1, particularly in those whom pheochromocytoma could be safely eliminated.
In both groups combined, the correlation and partial correlation analysis between the three values, maximum pulse rate, free NE + E, and conjugated NE + E revealed a significant negative correlation between conjugated NE + E and the pulse rate (r = -0.41, p < 0.005 for simple correlation and r = -0.40, p < 0.008 for partial correlation) and a positive correlation between free NE + E and the pulse rate (r = 0.41, p < 0.005 for simple and r = 0.39 p < 0.009 for partial correlation) ( fig. 2) . The peak plasma free NE + E response to glucagon (3 minutes following 1 mg bolus i.v. injection) has shown a higher increase in plasma free NE + E in response to glucagon in patients of Group 1 than those of Group 2 ( fig. 3 ). There was a positive correlation (r = 0.74, p < 0.001) between the increase in plasma free NE + E and increase in pulse rate in Group 1 but not in Group 2. Table 4 resumes the catheterization data in 17 patients subdivided into the two subgroups. It is evident that the mean values of free plasma NE + E are either comparable in both groups (as in the suprarenal inferior vena cava) or between 2 and 5 times higher in patients of Group 1. Compared to those of Group 2, a particular rise in free NE + E can be found in the adrenal venous outflow or in the left adrenal vein where the blood is easily contaminated by blood outflowing from the adrenal vein. Conjugated NE + E was either absent or very low at all sites of sampling in Group 1 so that their mean values never achieved more than approximately one-third of those in Group 2. Free plasma DA was usually present in all samples above 0.07 ng/ml in Group 1, unlike in Group 2 where it was present only in the samples from the adrenal 2.6 ± 0.6 'Significant differences between both groups. NE = norepinephrine; E = epinephrine; VMA = vanillylmandelic acid.
vein. As a result, all but three mean free DA values were higher in Group 1 than Group 2, while the values of conjugated DA were similar. Table 5 summarizes features of the stimulatory test results that were responsible for the high range of changes in free NE + E in response to glucagon in Group 1. Of 15 Group 1 patients who had provocative tests (15 by glucagon alone, or followed in one by histamine, in six by tyramine, and in two by metoclopramide 14 ), only three were outstandingly different in having extremely high free catecholamine and/or vascular responses to some provocative tests. The following short case histories are clinically representative of almost all patients in Group 1.
Case 1
This patient had been known to be hypertensive since she was 18 years old, with episodic hypertension and tachycardia accompanied by anxiety and palpitations. Biochemical analyses for pheochromocytoma gave negative results. Oral contraceptives made the hypertension very difficult to control, and only their cessation improved the condition. The anesthesia during her tubal ligation resulted in a hypertensive paroxysm. She had recurrent crises despite administration of guanethidine and spironolactone. Only diminished physical and mental activity decreased the frequency of the crises, which were almost entirely prevented by prolonged bed rest. Arteriography, CT scan, and adrenal phlebography gave normal results. Glucagon administration resulted in a JThe adrenal outflow contained 84% ± 2% epinephrine in Group 1 and 92% ± 6% in Group 2. DA = dopamine; NE = norepinephrine; E = epinephrine.
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hypertensive response with tachycardia (up to 190/min) and ey 3 minutes following its intravenous administration. This was accompanied by a very evident increase in free E, but NE remained within the limits observed in other essential hypertensive patients. Ten minutes after the glucagon administration, the blood pressure, pulse rate, and CA returned to baseline values. The patient was improved by treatment with propranolol; after phenoxybenzamine, however, her blood pressure increased. (A similar anomaly has been observed in three other Group 1 patients.) Patient 1 is presently being treated with propranolol and diuretics, but still has occasional hypertensive periods, although with fewer palpitations and less tachycardia. Lately, several attacks were preceded by ingestion of cold remedies containing pseudoephedrine.
Case 2
This 24-year-old man had a history of hypertensive paroxysms. For 3 years, he had had episodes of tachycardia, dizziness, sweaty hands, nausea, and sensation of progressively frequent and severe fainting, but never loss of consciousness. Following glucagon administration, blood pressure rose to 184/110 and pulse FIGURE conjugated NE + E remained below detection limits at all sites. The patient is presently well controlled by a combination of a-and j8-adrenergic blockers.
Negative correlation of conjugated NE + E (upper graph) and positive correlation of free NE + E (lower graph) with maximum pulse rate in patients with conjugated NE+E normal (o) and low (•).

Case 3
This 23-year-old man presented extremely labile systolic hypertension with hypertensive bouts evidently precipitated by emotional stimuli. His baseline blood pressure at rest did not exceed 120/70 mm Hg. His degree of anxiety was such, however, that the simple procedure of administration of 1 ml of saline into the drip infusion was sufficient to provoke a hypertensive bout of 250/60 mm Hg, with a tachycardia of 148 beats/min. While glucagon and metoclopramide did not have any effect on blood pressure, histamine and tyramine had a hypertensive action similar to that described following saline drip. No substantial increase in free NE or E could be found at the peak of this paroxysm, however, and thus the reaction was attributed to a nonspecific response to the procedure. Urinary VMA and E excretions were slightly elevated. A thorough investigation for pheochromocytoma remained negative. During selective catheterization, there was at all sites of sampling and in the peripheral blood an evident excess of E over NE even in samples where no contamination by adrenal blood can be expected; the absence of conjugated E was complete, while some conjugated NE was present. The patient responded very well to j8-blocking treatment.
Discussion
The subdivision of essential hypertensive patients into groups according to hormonal characteristics such as plasma renin activity" or plasma CA levels" is an appealing approach to the investigation of various hypertensive mechanisms within this ill-defined clinical entity, but it is fraught with many failures." The use of circulating CA levels for such a division is further complicated by differences in the turnover times of plasma NE and E among subjects." The short exposure of the body to their biological action due to the short half-life of CA results in any deactivating mechanism becoming an important determinant of their effects; any impairment of their inactivation may produce manifestations of sympathetic nervous hyperactivity. In a similar manner, inadequate conjugation of tyramine has been suggested as a factor in tyramine-sensitive migraine.
1 ' Only three of the main inactivation mechanisms for CA, neuronal uptake, oxidation, and O-methylation, have been investigated in hypertension, all with negative results; 10 the fourth mechanism -conjugation -has never been explored. A most recent finding 21 that only 75% of the total systemic clearance of NE can be accounted for by the conventional inactivation patterns (neuronal, tissue uptake, COMT, MAO action) highlights a probable role of conjugation in the remaining 25% of the NE inactivation process. 3 . The corresponding range of free and conjugated NE + E in Group 2 patients is 0.29-58 ng/ml free, 0-9.4 ng/ml conjugated, respectively.
The hypertensive group in this study was heavily biased toward patients with suspected pheochromocytoma, as usually is the case in a referral population. This bias does not permit us to assess the incidence of this form of essential hypertension. The existence of such patients suggests, however, that within the heterogeneous entity called "essential hypertension" there is a group of patients with decreased or absent conjugated NE and E but moderately elevated free NE and E. Conjugated DA, on the other hand, was present in both subgroups at a similar elevated level above normal controls.
8 Some patients with undetectable conjugated NE + E in peripheral blood had some conjugated NE or E in the central circulation. This suggests not only insufficient generation of conjugated CA (by decreased PST activity?) but also an increased rate of deconjugation by the ubiquitous sulfatases as the cause of low or negligible levels of conjugated NE + E at the periphery.
NE and E conjugates, like free NE and E, are easily oxidized under acid conditions, 1 and the quantities of conjugated NE or E reported in this study may be low because of losses during extraction and assay. Indeed, the residual NE and E after acid hydrolysis may represent only a part of what was present originally and would more correctly be referred to as acid-stable conjugated NE and E. This consideration does not decrease the comparative value of our data, however, since all the determinations were done by the same procedure.
Our values of conjugated CA are comparable to those obtained by other methods of hydrolysis.
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The low levels or absence of conjugated E in the presence of some conjugated NE, while conjugated DA was mostly normal or even elevated, may be explained by a lower than normal PST activity; a pilot experiment demonstrated that the PST activity in the platelets' was low or undetectable on three occasions in three Group 1 patients." The PST activity, although low, could still be sufficient to generate DA conjugates because of its highest affinity toward DA but insufficient for the relatively low-affinity NE or even lowest affinity E conjugation. 22 An alternative explanation of high conjugated DA but low or absent conjugated NE and E would be a selective adrenal release of DA sulfate, suggested by its high concentrations in human adrenal venous blood 4 and supported in the present study by the finding of high conjugated DA in patients of both Groups 1 and 2. The occasional presence of conjugated NE in the absence of conjugated E is of particular interest since it may further differentiate their respective biological actions depending on their affinity to PST, 12 one of the determinants of their degree of conjugation.
The group of patients having low or absent NE and E conjugates (Group 1) had the clinical characteristics of predominantly moderate, very labile, hypertension, with symptoms so highly suggestive of pheochromocytoma (in 93%) that even adrenal exploration was previously found to be justified in some patients. In the group with normal conjugated NE and E (Group 2), this possibility was considered in only 21% of patients. One patient in this group had crises related to a cerebrovascular accident, known to be imitative of pheochromocytoma; 23 another had crises probably related to an atypical coronary insufficiency, an association also previously described. 24 Four of the five Group 2 patients suspected of having a pheochromocytoma had conjugated NE + E far below the mean of the whole group; they may thus represent borderline cases between Groups 1 and 2.
A typical feature of the patients with low or absent peripheral conjugated NE and E was their autonomic nervous hyperresponsiveness to many stimuli, either physiological (upright posture, emotion), pharmacological (glucagon, tyramine, amphetamine, histamine, ephedrine), anesthesia, or the stress of direct vascular puncture. 28 When lying down and emotionally calm, these patients invariably had lower blood pressure (minimum diastolic below 95 mm Hg).
